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'A  production  LDT-465-1C  multifuel  diesel  engine  was  operated  according  to  a 
double-length  Army/CRC  Wheeled  Vehicle  Test  Cycle  (420  total  hours)  using  a 
fire-resistant  diesel  fuel  containing  10  vol%  water.  The  effects  of  this 
water-in-fuel  maavoemuZsion  on  engine  power  output,  deposits,  wear,  and  oil 
degradation  were  examined.  The  results  indicate  that  this  fire-resistant 
fuel  formulation,  under  the  conditions  evaluated,  does  not  result  in  abnormal 
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presence  of  fuel-origin  deposits  in  the  injection  system  which  were  attributed 
to  the  sugar-type  surfactants  used  in  this  investigation. 
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I.  INTRODUCTION  AND  BACKGROUND 


In  recent  years,  laboratories  have  been  conducting  research  to  determine 

( 1  -5 ) * 

the  attributes  of  burning  water  emulsions  In  diesel  engines. 
Unfortunately,  no  unequivocal  answer  has  yet  been  obtained,  primarily 
due  to  the  numerous  parameters  that  affect  the  overall  performance  of 
the  water-containing  fuel.  Variables  such  as  injection  characteristics, 
compression  ratio,  combustion  chamber  design,  and  size  of  the  water 
droplets  may  all  he  Important.  These  parameters  are  only  some  of  the 
more  obvious  ones;  there  are  undoubtedly  many  more  that  may  be  Important 
to  the  overall  performance  of  the  engine/fuel  system. 

To  add  to  the  difficulty  of  the  evaluation,  the  water-containing  fuel  Is 
Itself  a  very  complex  system.  The  chemical  type  and  amount  of  sur¬ 
factant  can  have  as  pronounced  an  effect  on  fuel  performance  as  the 
water  content.  Studies  have  shown  that  the  fuel  and  water  chemical 
compositions  may  also  affect  the  final  emulsion,  which  would  affect  the 
fuel  behavior  In  the  engine.  At  the  time  of  this  work  (1977),  a  system¬ 
atic  approach  to  the  overall  problem  of  water-ln-fue 1  emulsions  had  not 
been  undertaken. 

II.  OBJECTIVE 

The  objective  of  this  study  was  to  further  evaluate  the  feasibility  of 
using  water-ln-fuel  emulsions  as  fire-resistant  fuels  by  determining 
their  effects  on  overall  performance  in  an  engine  that  has  wide  usage  in 
the  military  fleet.  For  this  program,  "performance"  is  interpreted  as 
those  factors  affecting  total  engine  operation  such  as  power  output, 
specific  fuel  consumption,  durability  of  the  engine  structure  (wear), 
and  durability  of  the  fuel-handling  system.  The  basic  engine  configur¬ 
ation  was  to  remain  as  close  to  its  factory-produced  condition  as  pos¬ 
sible. 

*  Superscript  numbers  in  parentheses  refer  to  the  list  of  references 
at  the  end  of  this  report. 


III.  KXHKRIMKNTAl. 


A.  Test  Kn^lne 

Th«?  onxlne  used  In  this  test  program  was  the  I.nT-4bS-lC,  a  s Ix-cy  1  Inder , 
1 

7.81-llter  (A78  In  ^  turbocharged  diesel  engine  using  the  MAN  combustion 
chamber  design.  This  engine  family  has  wide  military  field  application. 
With  this  particular  configuration.  It  is  the  primary  powerplant  for  the 
Army's  family  of  2W-ton  tactical  trucks.  Table  1  lists  the  general 
characteristics  of  the  engine. 


TABl.K  l.  l.IlT-4bS-lC  KNCINK  t’HARACTKRl S TICS 


Number  of  Cylinders 
Bore,  cm(ln.> 

Stroke,  cm(ln.)  ^ 

lU  sp  lacement ,  liters  (in  > 
Compress  Ion  Rat lo 
Kuel  Inlectlon  System 

Turbocharger 
I’l  St  on  Type 


b 

1 1  .S8(A.Sbl 
12.37(4.87) 

7.83(478) 

22:1 

Bosch  Rotary  Distributor 
w/Denslty  Compensation 
3-ln.  Schwltzer 
Annu I  us 


The  fuel  injection  pump  used  with  this  engine  family  Is  equipped  with  a 
density  compensator  which  varies  the  full  rack  fuel  delivery  rate  as  a 
function  of  fuel  viscosity.  This  system  could  adjust  the  full  rack  fuel 
delivery  rate  Improperly  due  to  the  different  viscosity-density  rela¬ 
tionship  of  the  emulsion.  The  rack  stop  was  adjusted  with  neat  fuel  to 
give  bb.'S  to  67.0  pounds  per  hour  fuel  delivery  rate.  This  adjustment 
was  not  changed  for  the  emulsion. 


This  engine  was  equipped  with  fuel  filters  designed  to  separate  water 
from  the  fuel.  An  initial  brief  test  of  this  filter  system  showed  that 
some  water  was  being  removed  from  the  macroemulsion.  To  circumvent  this 
problem,  the  fuel  filters  were  removed  from  the  engine,  and  the  fuel  was 
filtered  prior  to  being  blended  to  form  the  emulsion. 


b 


B.  Test  Fuel 


The  fuel  used  in  this  test  (Appendix  A)  comprised  88  vol%  Reference  No. 
2  diesel  fuel*,  2  vol%  surfactant  (emulsifier),  and  10  vol%  water.  The 
surfactant  used  in  this  study  consisted  of  a  mixture  of  two  proprietary 
sugar-type  substances,  a  sorbltan  fatty  acid  ester,  and  a  substituted 
sorbltan  fatty  acid  ester.  The  resulting  emulsion  displayed  the  milky 
appearance  characteristic  of  a  macroemulsion.  Table  2  Is  a  compilation 
of  data  obtained  on  the  neat  fuel  and  the  water-containing  fuel.  Major 
changes  In  the  existent  gum  are  due  to  the  residue  of  the  surfactant. 
However,  no  other  major  differences  were  observed. 


TABLE  2.  SUMMARY  OF  PROPERTIES  OF  WATER-IN-FUEL  FIRE-RESISTANT 
DIESEL  FUEL  MACRO EMULSIONS 

Neat  Reference  10%  Water  and  Change 


Property 

No.  2  Diesel 
Fuel 

2%  Surfactant 
in  Diesel  Fuel 

Caused  by 
Added  Phase 

Pour  Point,  “C 

-2 

-2 

0 

Specific  Gravity  (16“C) 

0.86 

0.88 

+2% 

Existent  Gum,  mg/dl 

7 

1418 

+  1411 

Ash,  wt% 

0.001 

<0.003 

+  <0.002 

Carbon  Residue,  wt% 

0.2 

0.4 

+0.2 

Total  Acid  No.  mg  KOH/g 

0.04 

0.16 

+0.12 

Accelerated  Stability,  mg/dl 

0.8 

2.1 

+  1.3 

Copper  Corrosion  Rating 
NACE  TM-01-72  Pipeline 

lA(NIL) 

lA(NIL) 

Corrosion  Rating  with 
1018  Steel 

Viscosity,  cSt 

SAE 

C  (Red  Rust)  A(NIL) 

77'’C 

1.75 

2.38 

+36% 

as'c 

3.47 

4.75 

+37% 

O'C 

10.3 

14.5 

+41% 

-2*C 

11.2 

16.1 

+44% 

C.  Test  Lubricant 

The  lubricant  used  during  the  test  was  a  MIL-L-2104C  reference  oil 
which  had  performed  satisfactorily  in  this  engine  and  test  cycle  pre¬ 
viously.  Condition  comparisons  throughout  this  report  will  be  with 

the  earlier  210-hour  test. 

*  Federal  Test  Standard  791B,  Method  341.4,  Section  4.1. 
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If 


Because  of  the  doubling  of  the  test  length  from  the  normal  210  hours,  an 
oil  change  was  made  at  the  midpoint  of  the  test.  Thus,  the  used  oil 
data  are  for  210-hour  durations. 

D.  Instrumentation 

The  engine  was  loaded  by  a  225-horsepower  dynamometer,  which  was  cra¬ 
dled,  and  the  torque  reaction  was  measured  by  an  electronic  load  cell. 
Fuel  consumption  was  measured  by  a  mass  flowmeter  directly  in  pounds  of 
fuel  per  hour.  The  flowmeter  corrects  for  changes  in  fuel  density  and 
temperature  and  was  found  to  be  accurate  with  both  the  neat  and  emul¬ 
sified  fuels.  Oil  consumption  was  measured  by  draining  and  weighing  the 
oil  daily  and  adding  makeup  oil  as  required, 

E.  Cetane  Number 

The  effect  of  the  addition  of  water  on  the  cetane  number  of  the  fuel  is 
presented  In  Figure  1,  where  the  effects  of  the  surfactants  alone  on 
cetane  number  can  also  be  seen. 


Engine  Operation 


The  engine  was  run-in  and  operated  according  to  the  test  procedure 
described  In  Appendix  B.  For  comparison  purposes,  the  fuel  was  switched 
from  the  water  emulsion  to  the  neat  diesel  fuel  at  approximately  each 
100  hours  of  operation  so  that  comparisons  of  power  and  exhaust  emis¬ 
sions  could  be  made.  These  periods  of  operation  with  the  neat  fuel  were 
short  (less  than  45  minutes)  and  should  not  influence  the  test  results. 
A  complete  summary  of  the  test  results  is  Included  in  Appendix  C, 


Almost  immediately  upon  starting  the  engine  test  period,  the  engine  fuel 
delivery  rate  began  to  decrease.  As  shown  In  Figure  2,  this  trend 
continued  until  approximately  10  hours  when  a  sharp  fueling  rate  de¬ 
crease  occurred.  An  inspection  of  the  fuel  Injection  pump  indicated 
that  the  pump  appeared  to  behave  normally  except  for  the  change  in  the 
full  rack  delivery  rate.  Apparently  the  rack  stop  adjusting  screw  had 
slipped  and  had  reduced  the  rack  stop  setting.  The  fuel  setting  was 
readjusted,  and  no  further  fuel  delivery  problems  were  experienced. 
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BASE  FUEL  +  2% 
SURFACTANTS 


BASE  FUEL  +  — > 
•2-'.  SURFACTANTS 
+  5%  WATER 


BASE  FUEL  +  2% 
SURFACTANTS +  10%  WATER 


PERCENT  WATER  IN  DF-2  DIESEL  FUEL 


FICURF.  1.  IN'FI.UF.NCK  OF  FUEL  EMIU.SION 
INGREDIENTS  ON  CETANE  NraBER 


TEST  HOURS 


FIGURE  2,  FUEL  RATE  VERSUS  TEST  HOURS 


The  observed  horsepower  output  of  the  engine  is  presented  In  Figure  3, 
where  It  Is  obvious  that  there  was  a  continued  loss  of  power  with  test 
time.  By  the  end  of  420  hours,  the  engine  power  output  had  decreased  by 
about  16  percent  while  the  fuel  rate  had  remained  unchanged.  Wear 
Indicators  such  as  wear  metals  In  the  oil  and  blowby  rate  (Figure  4)  did 
not  show  any  unusual  mechanical  degradation.  Therefore,  the  power  loss 
may  have  been  due  to  a  change  In  the  actual  combustion  events. 

One  event,  which  may  be  significant  In  explaining  the  power  loss,  occur¬ 
red  at  the  325-hour  point  when  the  engine  lost  power  suddenly.  The 
lower  power  output  continued  for  12  hours;  at  this  time,  two  fuel  In¬ 
jectors  were  replaced.  This  change  returned  the  power  output  to  the 
previous  level.  This  may  Indicate  potential  Injection  system  problems 
with  this  fuel  and  may  help  explain  the  power  losses  noted  throughout 
the  test  period.  The  fuel  Injectors  were  examined  after  the  test,  and 
tlie  results  are  Included  in  the  ratings  section. 

G.  Post-Test  Inspection  Data 

The  results  from  this  engine  test  can  be  compared  to  a  previous  210-hour 
endurance  test  which  was  conducted  using  the  same  test  cycle  and  lubri¬ 
cant  with  neat  fuel,  A  summary  table  comparing  the  results  from  the  two 
tests  is  given  as  Table  3.  While  this  earlier  test  provides  a  basic  for 
comparison.  It  should  be  noted  that  doubling  the  test  duration  does  not 
necessarily  have  the  same  effect  on  engine  deposits  and  wear. 

The  engine  deposits  were  rated  according  to  CRC  Deposit  Rating  Manual 
No.  1^^\  plus  the  CRC  "F"  ratlng^^^  of  the  piston  deposits  was  made. 
Referring  to  the  piston  rating  data,  the  "F"  rating  is  a  system  devel¬ 
oped  by  CRC  covering  the  carbon  and  lacquer  ratings  of  the  grooves, 
lands,  and  the  undercrown  of  the  piston.  This  system  provides  a  weight¬ 
ed  total  deposits  (WTD)  number,  which  Is  a  summation  of  these  ratings 
rounded  to  the  nearest  unit.  Under  the  WTD  system,  the  maximum  deposit 
rating  would  be  900. 


BLOWBY,  icfh  OBSERVED  BRAKE  HORSEPOWER 
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i;OM»'AKIS()N  OK  RKSIM.TS  WITH  RKKKRK.NOK.O  210-mnm 


NK.AT  KOKl.  KNIH'RANOK  TKST 


Var Irth lo 

Noat  Kup 1 

210-Hour  Tracked 
Cycle  Test  Resnlts 

Current  420-Honr 
Test  Results 

Kngln»»  Spood 

2M10 

2M)S 

I'owi'r,  Rhp 

140 

121.2 

Kiu*  1  Rat*',  lh/lir 

hh,  h 

(i8.n 

Tompfratart's,  ”0(“K> 

dack*'t  In 

64(1^6) 

77(171) 

>Iack«»t  iHit 

81(177) 

83(181) 

01 1  Stimp 

114(2  17) 

111(2)1) 

ManlfoUl 

122(2S2) 

103(218) 

Kxhaii.st  Manifold 

h02(lHh) 

M  l(H  32) 

lis«'d  Oil  Analysis 

X  In  K.  Vis  at 

I8“t'  (100* K> 

210  hr 

♦S7 

420  hr 

— 

+48 

X  ('hango  In  K.  Vis  at 
‘JR'C  (210*K1 

210  hr 

♦40 

+  37 

420  hr 

— 

+  32 

i'han)?o  In  TAN  (0  hh4) 

210  hr 

♦  1  .84 

♦  2.32 

420  hr 

— 

♦  ).4S 

Ohanno  In  TRN  (0  2vS')b) 

210  hr 

-0.S4 

+0.')0 

420  hr 

— 

♦0.14 

Woar  Moasnr«'m*'nf s ,  In, 

OhanK*’  In  Ring  Oap 

Ring  1 

0.004 

0.000 

Ring  2 

0.00) 

0.00 1 

Ring  1 

0.002 

0.000 

Oil  Ring 

O.OOd 

0.001 

Ohango  In  l.lnor  I.O.,  In. 

1.81  om  from  top 

O.OOOS 

0.0032 

7.h2  cm  from  top 

0.0003 

0.0028 

Riston  "K"  Rating,  avg. 

282 

318 
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The  average  WTI)  for  the  engine  was  318,  which  Is  not  considered  exces¬ 
sive.  Since  the  WTD  rating  with  a  reference  diesel  fuel,  with  only  210 
test  hours  was  282,  the  piston  deposits  with  the  emulsion  are  reason¬ 
able,  particularly  conslderlrif'  the  420  test  hours.  SoiDt>  evidence  of 
ring  face  burning  and  vertical  scratches  was  noted  along  the  piston  ring 
face.  The  deposits  in  the  ring  grooves  were  normal  but  heavier  than  the 
reference  test,  with  10-  to  20-percent  ring  supporting  carbon.  All 
piston  rings  were  free  In  the  grooves. 

* 

The  pistons  themselves  had  a  number  of  vertical  scratches  due  to  carbon 
particles  or  other  solid  materials,  while  the  combustion  chamber  area 
had  light  carbon  deposits.  The  cylinder  liners  also  showed  the  vertical 
scratching  seen  on  the  rings  and  piston.  Little  scuffing  occurred, 
averaging  2  percent,  with  approximately  25-percent  glazing.  Rod  bear¬ 
ings  showed  some  longitudinal  chatter  and  light  wear.  In  summary,  the 
engine  deposits  were  normal  to  light,  particularly  considering  the 
length  of  the  test  cycle.  Piston  and  cylinder  conditions  were  con¬ 
sidered  normal  as  was  the  remainder  of  the  engine  except  for  bearings. 
Because  of  the  chatter  and  debris  embedment  noted,  the  rod  bearings  were 
considered  marginal. 

The  cylinder  bore  wear  was  significantly  greater  than  that  experienced 
during  the  210-hour  reference  run,  but  the  wear  was  not  considered 
excessive.  This  bore  wear  Is  particularly  Interesting  when  the  piston 
ring  wear  Is  examined.  In  the  210-hour  reference  run,  the  average  ring 
wear  was  approximately  0.003  inches,  which  Is  considered  average  to  good 
wear  results.  With  this  emulsion  after  420  hours,  the  ring  wear  aver¬ 
aged  less  than  0.001  Inch.  This  tradeoff  of  cylinder  bore  versus  piston 
ring  wear  Is  unusual  and  may  be  related  to  fuel  property  effects. 
However,  the  wear  Is  nominal  for  this  test  duration.  Visual  Inspection 
of  the  other  areas  of  the  engine  such  as  valve  guides,  camshaft,  etc. 
showed  no  apparent  wear  or  unusual  conditions. 

The  fuel  Injector  nozzles  were  spray  checked  after  test  and  found  to  be 
In  good  condition  mechanically.  There  was  some  Injector  dribble  and  no 


slow  bark*,  indicating  some  sluggishness,  but  the  high  speed  bark  was 
good.  One  of  the  nozrles  which  had  been  removed  during  the  test  had  an 
Injector  tip  hole  partially  plugged.  Such  plugging  would  result  In 
spray  pattern  degradation  and  would  be  expected  to  result  In  engine 
power  loss.  It  could  have  stemmed  from  residue  of  the  sugar-type  sur¬ 
factants  used  to  form  the  aqueous  macroemulslon. 

Spray  pattern  evaluations  of  the  Injectors  using  the  liquid  Injection 
(q) 

technique  are  shown  In  Figure  5.  Disassembly  of  the  Injector  nozzles 
revealed  light  deposits  on  the  Injector  plntels.  Microscopic  examina¬ 
tion  of  the  Injection  hole  In  the  Injector  tips  showed  some  slight 
erosion  and  possible  enlargement  as  Illustrated  In  Figure  6,  but  there 
were  no  major  changes  which  would  totally  account  for  the  observed  power 
losses.  This  examination  could  not  reveal  the  presence  or  absence  of 
deposits  deep  within  the  injector  nozzle  holes. 

Disassembly  of  the  fuel  Injection  pump  showed  no  fuel-related  problems, 
although  excessive  wear  and  scoring  of  the  Injection  advance  control 
ring  and  mating  parts  were  noted.  Figure  7  shows  the  Injector  control 
ring.  These  components  are  oil  wetted  only,  and  this  behavior  would  not 
be  expected  to  be  fuel  related. 


I'sed  oil  analysis  (Table  4)  showed  no  unusual  degradation  and  no  accumu¬ 
lation  of  water  in  the  lubricant.  Comparing  these  results  with  the  base 
tests  shows  some  minor  differences.  Since  the  lubricant  was  drained  and 
replaced  at  210  hours,  the  used  oil  data  can  be  viewed  as  two  210-hour 
tests.  Thus,  the  actual  values  from  the  base  test  and  these  data  can  be 
compared.  Relative  to  the  base  diesel  fuel  test,  this  test  showed  an 
essentially  equal  change  In  viscosity  and  a  slight  Increase  In  both 
pentane  and  benzene  Insolubles.  Also,  the  total  acid  number  Increase 
was  slightly  greater  with  the  emulsion.  The  wear  metals  analysis  showed 
a  W-percent  Increase  In  Iron  wear,  from  *10  with  DF-2  to  an  average  168 
parts  per  million  with  the  emulsion.  This  Increase  Is  probably  related 
to  the  Increased  cylinder  bore  wear  noted  earlier. 


*  Term  which  describes  the  sound  produced  when  the  Injector  needle  re¬ 
peated  seats  and  lifts  when  subjected  to  continual  high  fuel  pressure. 
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Renovec!  From  Cylinder  2  Injector  Removed  From  Cylinder 

at  337  Hours  at  337  Hours 


TABLE  4.  LUBRICANT  ANALYSIS 
LDT-465  Water/Dlesel  Fuel  Emulsion 


IV.  CONCLUSIONS 


As  a  result  of  this  Investigation,  the  following  conclusions  were  reach¬ 
ed  : 

•  The  use  of  the  10  vol%  water  emulsion  had  no  significant  detri¬ 
mental  effects  on  engine  cleanliness,  wear,  or  oil  degradation. 

•  No  major  mechanical  changes  were  necessary  In  adapting  the  engine 
for  use  of  this  fuel. 

•  The  engine  could  be  started  normally  and  would  Idle  properly  at  all 
test  temperatures  encountered. 

•  Use  of  this  fuel  resulted  In  a  16-percent  loss  In  power  output 
during  the  420-hour  duration  of  the  test. 

•  Fuel-Injector  problems  encountered  during  the  testing  Implicated 
fuel-origin  deposits  In  the  Injection  system  as  a  possible  reason 
for  the  power  loss.  This  may  be  related  to  the  high  "existent  gum" 
values  of  the  fuel  emulsion,  which  are  attributed  to  the  sugar-type 
surfactants  used  In  this  study. 
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TABLE  A-1.  RIEL  PROPERTIES 


Ref.  No.  2^^^DF 
(Cat-lG/l-H) 

Low-Flash , 

Low-Sulfur  DF 

Property 

Neat 

10  volZ  Water 

2  volZ  Surfactant 

Gravity,  "API  bO'E 

33 

33.9 

29 

K.  Vis  at  38®C  (IOO"F),  cSt 

3.47 

3.38 

Flash  Point,  'C 

58 

63 

Aniline  Point,  “C 

63,  , 

64 

94 

Cetane  No. 

50.5 

42.8 

Pour  Point,  *C 

— 

_2 

Water  and  Sediment 

0.0 

— 

— 

Carbon  Residue,  Z 

0.2 

— 

0.4 

Sulfur,  Z 

0.415 

0.056 

— 

Acid  No . 

0.04 

0.006 

0.16 

Copper  Corrosion 

I A 

— 

lA 

Distillation,  “C 

IBP 

210 

151 

lot 

242 

242 

— 

soz 

270 

284 

— 

90  Z 

317 

340 

— 

FPB 

365 

370 

— 

Higher  Heating 

Value,  kvI/kg(Btu/ lb) 

45,470(19,550)^^^ 

45,100(19,390) 

Accelerated  Stability, 

Total  Insols.,  mg/lOOral 

0.8 

2.1 

Ash,  Z 

0.001 

<0.001 

<0.003 

Existent  Gum,  mg/lOOml 

7 

4.5 

1418 

a.  Federal  Test  Standard  7“)^,  Method  341.4,  Section  4,1. 
h.  Ambiguous  Intermittent  Flame. 

c.  Calculated  cetane  value. 

d.  Calculated  from  gravity,  viscosity,  and  distillation  properties. 


TABLE  A-2.  SUMMARY  OF  FLAMMABILITY  AND  BALLISTIC  VULNERABILITY 
CHARACTERISTICS  OF  FIRE-RESISTANT  DIESEL  FUEL 


CONDENSER  TEMPERATURE, 


KtCtlXK  A-l.  niSTII.I, ATKIN  CIIAKACTKKl  STICS  HI'  10%  (JATl'.H- 


AKMY/('RC  WHKKl.Kn  VTMU  I.K  KNIIl'KANCK  TKST  CYCI.K 


I'tir  ?U1-lunir  fi'st  Is  I'oiuhu't  p<I  Iu  aocordaiu'e  with  tlip  following 

o|M’r.U  Ing  proooilvu 

1.  niP  onglno  will  ho  I'rokon  In  on  tost  oil  using  s  ovolo  hnsoil  <*n  tlio 
onglno  innnn  f  so  t  nro  r '  s  r«’Oommpnilst  ions,  till  will  tlion  ho  ilrslno*!, 
.tti.l  tho  onglno  flllod  witli  f  roslt  <’ll, 

2,  Vowor  ohook  tho  onglno,  I'v  this  Is  mount  tho  ilotormlnst  Ion  of  tho 
Inll-lo.'til  poll  orm.inoo  oh.i  rso  t  or  1  s  t  I  os  of  tho  onglno  soross  tho 
spood  r.'ingo,  I'hls  Inoltnlos  snoh  1 1  oms  us  powor,  tonpio,  Inol  flow, 
.iiul  nil  I'ortlnt'nt  tomporstnros  .mil  I'rossiiros, 

1.  ('onilnof  tho  ,'10-honr  oniinr.tnoo  jih.-iso  In  .soooril.-inoo  with  tho  follow¬ 
ing  sohoilnlo; 


I'll  r.s  t  Ion  (Hr) 

1  O.Sll  (t) 

Spooil 

W.stor  T(’mp 

> 

1(1(1 

R.sti'il  ♦  .’(1  rpm 

lg(l  t  S*K 

1 

(1 

1  .11  0 

1(1(1*  t  S*!- 

s 

1(1(1 

K.st  (’ll 

IKO 

1 

(1 

1.1  lo 

1(1(1* 

; 

1(1(1 

R.st  Oil 

l.Md 

1 

(1 

1 .1 1  o 

1(1(1* 

> 

1(1(1 

K.st  Oil 

l.KO 

I 

(1 

I.llo 

10(1* 

2 

1(1(1 

K.st  Oil 

l.K(1 

1(1 

.'ihn  t  ilown 

*  This  t  ompo  r  .1 1 11 1 «’  will  ho  .-i  1 1  .-i  I  noil  within  It'  mlnnti''s  ol  st.-irt  of  lillo, 

■1 .  llio  tol  lowing  tost  il.st.s  will  ho  ilot  ormlnoil  .snil  roooriloil  ;it  hourly 
Intorv.-ils  .-IS  .-i  mlnintnm: 

Kngini’  spooii 
I'nglno  lo.sil 
^■no  1  oonsiimpt  I  on 
11 1  owh  V 

Int.iko  pri'Msnros  (holoro  .-mil  .if  for  oomprossor  wlioro  .upp  1 1  o.sMo^ 
T\h;insf  prossnros  (holoro  fiml  .si  tor  tnihlno  whoro  sppllo.shlo> 
Knc'!  pri’ssiiro 
ti|  1  prossnro 
I'ompo  r.s  t  n  ros  : 

W.slor  (to  -mil  from  onginol 
tM  1  (g.sllorv  .siiil  siimpl 
Knol  to  onglno 

Intsko  (hi'foro  .mil  .stfor  oomprossor  whoro  .spp  1 1  o.sh  lo^ 

1‘xh.snst  (o.soh  ovilnilorl 
Wot  .siiil  ilrv  hnlh  .smhionts 

Vxh.snst  (holoro  .siui  .si  tor  tnrhino  whoro  .spp  1  1  o.sh  1  o> 

U.sr omo  trio  pr ossn  ro 

Y,  (Ml  f  ompor.sl  nro  will  ho  oontrolloil  hv  oool.snt  t  ompo  r.s  tnro.  It  will 
not  ho  .si  lowi'il  to  I’xoooil  '4(1  "K, 


6. 


Power  check  the  engine. 


7.  At  the  completion  of  the  test,  the  engine  will  be  torn  down.  In¬ 
spected,  and  gaged.  Inspection  will  be  In  accordance  with  CRC 
procedures. 
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TABLE  C-1.  LDT-465 

420-HOUR  ENDURANCE  TEST 
BUILD-UP  ENGINE  MEASUREMENTS 


Inches 


Min 

Max 

Avg 

Specified  Limits 

Cylinder  Liners 
(Instal led) 

Inside  Diameter 

Out— Of -Round 

4.5597 

0.0002 

4.5612 

0.0008 

4.5606 

0.0005 

0.0015  max 

. 

No.  1  Ring 

End  Gap 

0.019 

0.022 

0.021 

No.  2  Ring 

End  Gap 

0.019 

0.022 

0.020 

No.  3  Ring 

End  Gap 

Side  Clearance 

0.019 

0.003 

0.023 

0.004 

0.020 

0.003 

0.016-0.028 

0.0025-0.0045 

No.  4  Ring 

End  Gap 

Side  Clearance 

0.017 

0.001 

0.020 

0.001 

0.019 

0.001 

0.016-0.028 

0.0005-0.0025 

30 


TABLE  C-2.  SUMMARY  OF  OPERATING  CONDITIONS  FOR  DOUBLE  (420-HR) 

WHEELED  VEHICLE  CYCLIC  TEST 


Engine:  LDT-465-1C  Fuel:  102  Water-emulslf led  DF-2 

Minimum 

Lubricant:  REO 

Maximum 

203,  Grade  30 

Average 

Speed,  rpm 

2600 

2620 

2605 

BMEP,  kPa  (psi) 

445.5(64.6) 

619.8(89.9) 

525.8(76.3) 

Obs.  Power,  kW  (BHp) 

76.4(102.5) 

106.3(142.6) 

90.4(121.2) 

Fuel  Rate,  kg/hr  (Ib/hr) 

26.18(57.60) 

32.68(71.90) 

31.16(68.55) 

BSFC,  kg/kW-hr  (Ib/BHp-hr) 

0.292 (0.479) 

0.403(0.661) 

0.346(0.567) 

Blowby,  scm/hr  (scf/hr) 

0.0  (0.0) 

7.8(273.9) 

5.7(200.8) 

Temperatures,  °C(°F) 

Jacket  Coolant-in 

73(164) 

81(177) 

77(171) 

Jacket  Coolant-out 

78(172) 

87(188) 

83(181) 

Sump  Oil 

97  (206) 

121(250) 

111(231) 

Ambient  Air 

19(67) 

34(93) 

27(81) 

Intake  Manifold 

84(183) 

119(247) 

103(218) 

Exhaust  (after  turbo) 

371(700) 

660(1220) 

541(1007) 

Compressor,  A  T 

38(101) 

72(162) 

58(137) 

Turbine,  AT 

2(3.6) 

146(295) 

52(125) 

Pressures 

Intake  Manifold,  kPa  (in,  Hg) 

24.3(7.2) 

37.5(11.1) 

32.0(9.0) 

Exhaust,  Absolute,  kPa  (in.  Hg) 

30.0(8.9) 

41.2(12.2) 

36.0(10.7) 

Turbine,  A P,  kPa  (in.  Hg) 

21.6(6.4) 

33.8(10.0) 

29.8(8.8) 

Gallery  Oil,  kPa  (in.  Hg) 

331(48) 

455(66) 

361(52) 
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TABLK  C-3.  SUHMAKY  «)F  DKPOSir  RATINCJS  Kl>R  OOUBLK  (AiO-hr) 
UHKRLKD-VKHICLK  CYCl.IC  TKST 


Knglne:  I.!)T-46S-1C  Kuel:  105  Water^enulslf ted  nK-2  LuhclcAnt;  REO  201,  Grade  10 


Piston  No. 


1  2  3  4  5 

b  Avg 

Pistons 

wnr"*  Rdtiug 

312 

287 

292 

313 

323 

379 

318 

No,  I  Groove  Carbon  Fill,  volt 

78 

7i) 

b7 

72 

SI 

86 

75 

No,  1  Groove  RSC,  Z 

IS.O 

17.0 

lb. 3 

lb. 3 

18.8 

18.8 

17.0 

No,  2  Groove  RSC,  X 

20.1) 

IS.O 

17. S 

13.8 

20.0 

22. S 

U.l 

Skirt  {.acqner,  X 

Light  Anher 

10 

l> 

10 

S 

10 

20 

11 

Verv  Light  Amber 

IS 

28 

IS 

)S 

20 

40 

26 

Carbon  and  Ash  Demerits 

Piston  Top 

1.0 

0.9 

0.9 

0.9 

l.O 

0.9 

0.9 

Combustion  Chamber 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7 

Plstt>n  RinijB  (10  only) 


Top  Ring,  l-acquer  Demerits 

Carbon,  T 

0.4 

0 

0 

0 

0 

8S-H 

<90 -H 
lin-i. 

1.1')-  1 

!0')-H 

100-H 

100-H 

No,  2  Ring,  Lgcquer  Deinerits 
Carbon,  X 

0 

o.s 

0 

I) 

1,3 

0 

lOO-H 

90 -H 

in*)-H 

lOO-H 

130-H 

(10-L 

lOO-H 

No,  3  Ring,  Lacquer  D«»merlts 
Carbon,  T 

0.4 

0 

0 

0 

0 

0 

9S-M 

10')-H 

lOO-H 

I0()-H 

100-H 

100-H 

•HI  Ring,  I.acquer  Demerits 

7,0 

8.-) 

8.0 

8.0 

7.0 

8.0 

Carh«>n  Demerits 

0 

0 

0  0 

Cylinder  No, 

0 

0 

(Per 

cei)t  of 

Tota  1 

Ring  Travel  Area) 

Cy  1  tnders 


Lacqui'r,  X 

0 

0 

0 

0 

0 

0 

0 

('.lading,  i 

40 

30 

IS 

20 

M 

20 

24 

Carbon  and  Ash,  \rea  X 

Heavy 

0 

0 

Cy 1  IndF 

0 

•  r  He.id 

0  0 

0 

- 

Medi  ii.m 

3 

2 

3 

3 

4 

2 

Light 

97 

98 

97 

97 

9S 

98 

Are.t 

Head 


Face 


Tulip'’’* 

(Denerlls) 

Stem 


Area 

Head 

Face 

Tulip 

(Demerits) 

Stem 


Va 1 ves 

] 

1 

2 

3 

Carb 

Lacn 

Carh 

Lacq 

Carb 

Lacq 

lODACs) 

IOOA(3) 

~ 

lOOA(s) 

— 

KXH 

- - 

lOOLA'":  — 

inOLA 

lOOsoot 

... 

INT 

— 

‘Wn.Bi,. — 

MOD.BL. 

... 

MOD.BL. 

EXH 

- - 

lOOLA 

... 

lOOLA 

... 

lOOLA 

INT 

1.5 

— 

U5 

... 

1.5 

... 

l.S 

1.5 

... 

1.5 

... 

INI (7) 

EXir  * 

clean 

BR/Rl.'^* 

Valve 

U 

5 

6 

Carb 

Lacq 

Carb 

Lacq 

Carb 

Lacq 

INT 

fOOsoot 

— 

109A(s) 

— 

lOOsoot 

— 

EXH 

100 soot 

— 

100 soot 

... 

lOOsoot 

... 

INT 

— 

MOD.BL. 

... 

MOD.BL. 

... 

MOD.BL. 

EXH 

lOOsoot 

— 

lOOsoot 

— 

... 

lOOLA 

INT 

1.8 

1.8 

U5 

... 

EXH 

1.5 

— 

1.5 

... 

1.5 

... 

INT 

KXH  - Hvy  BR/BL- 


(1)  Weighted  Total  Deposits 

(2)  H-Heavy,  L-Llght 

(3)  (s)  -  soft  carbon  deposit. 

(4)  LA  *  light  amber  lacquer;  BL  -  black  lacquer;  BR  «  brovn  lacquer. 

(3)  All  tulips  Indicate  an  ash-llke  deposit,  ithlch  Intakes  have  sooted  over, 

(6)  Valve  guide  leakage  indicated  on  all  Intake  stems. 

(7)  No.  4  exhaust  stem  tight  In  guide. 
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TAB1>:  C-'i.  SUMMARY  OK  SUKKACK  CONDITIONS  KOR  DOUBLE  (420-HR)  WHEELED  CYCLIC  TEST 
Engine:  LUT-46S-1C  Kuel:  lOX  Ua ter-emiils  1  f  1  ed  DF-2  Lubricant:  REO  203,  Grade  30 


Top  l.and 
Skirt 

Alston  Pin 


_ Piston  Ho, _ 

_2 _  3  U  5 

Pistons 

- - — — All  Normal- — 

-t.  Vertical  Lines  on  A1 1- 
— - — All  Normal- — 


Piston  Rings 


Ring  Face 
Fop  Ring,  ? 
Sc'if  f  Ing 
Scoring 
No.  2  Ring, 
Scuf  f ing 
Scoring 
No.  3  Ring, 
Scuf  f I ng 
Scoring 
i)il  Ring 
Scuf  f ing 
Scorl ng 


light  N 


light  N 


light  N 


light  N 
N  N 


Percent  of  Total 
Ring  Travel  Area 
Scuffed 


Cylinder  No. 

3  4 

Cy  I  inders 


Intakes 

Freedom  In  Guide 

Head 

Face 

Seat 

Stem 

Tip 

Kxhausts 

Freedom  In  Guide 

Head 

Face 

Seat 

Stem 

Tip 


Rod  Rearing 


Piston  Pin 


_ Other  Surfaces _ 

_ Connecting  Rod  No. _ 

12  3  4  5  6 

10%(4) -  10%(4) -  2%{4) 

(5,6)  (5,6)  (5,6)  (5,6)  (5,7)  (5,6) 

N  N  N  N  N  N 


Moderate  amount  of  vertical  scratches  on  all  rings. 
Light  pitting. 

Tight  but  not  seized. 

Light  wiping. 

Longitudinal  chatter  indicated. 

Trace  debris  embedment. 

One  medium  dirt  scratch. 


t 


D0UBL1-.  (420-Hour)  WHHELED  VEHICLE  CYCLIC  TEST 


Water-Emulsified  DF  Lubricant 


PISTON  AND  CYLINDER  LINER 


noDiu.i:  (ijo  Hour)  iviii:i:i,i;i)  vi;iiic:lj;  cvci.u:  ti:st 


Ur.O-203,  Grade  30 


IMSTON  AND  CYl.INDliU  I.lNIiK 


riSrON  AND  CYl.lNDliK  I.INIIU 


DOlJHI.fi  (4  21)  Hour)  lVHHi;i.i;i)  viiiiicii-:  cyclic:  tlst 


iij’ine:  LI)T-4()5-lC  Fuel:  1(1"  hater-liiiuils  i  fled  DF  Lubricant:  RI;Q-203,  Grade  30 


PISTON  AND  CYLINDLR  LINER 


DOIJRI,!-;  (420  Dour)  WMHIil.HO  VliHlCUi  CYCLIC  TLST 


Water-limulsi  I'icd  1)1-  Lubricant:  KIiO-203,  Grade  30 


PISTON  AND  CYLINOl-.R  LINliR 


DOllBLi:  1420  Hour)  Wlllllil.LI)  VlilUCI,!-.  CYCLIC  TLST 


Water-liimilsif ied  Ol-  Lubricant;  lU;0-2()3,  Oracle  30 


PISTON  ANH  CYLlNOllR  1,1  NHK 


Cyl inder 
Thrust 


DoiiHi.f:  (■):()  Hour)  ):i)  cvcuc  ti:st 


Wator-limulsiriod  HI-  l.utn'icant ;  UH0-2()S,  C'.rado  SO 


I'lSTON  AM)  l',Yl.lM)i;i{  l.INr.R 


IXHIBl.l-;  (420  Hour)  WlltHil.BH  V12I1CLU  CYCLIC  THST 


Water-limulsified  DL  l-ubricant;  Rl-,0-203,  Grade  30 


PISTON  AND  CYLINDER  LI  NCR 


8 


IKHIBLl-.  1420  Hour)  WHl.lil.LD  VIJIICLE-:  CYCLIC  TLST 


Ll)T-4(>5-  1C 

Fuel : 

lot  Water- limu  1  s i f i ed  OF 

Lubricant : 

RF.0-205,  Crade  30 

FULL  INJFCTOR  PINTLH 

Cylinder  1 


DOUBLE  (420  Hour)  WHEELED  VEHICLE  CYCLIC  TEST 
Engine:  LDT-465-1C  Fuel:  10%  Water-Emulsified  DF  Lubricant:  REO-103,  Grade  30 

FUEL  INJECTOR  PINTLE 


[WUBLE  (420  Hour)  WHEELED  VEJilCLE  CYCLIC  TEST 


DOIJBLM  (420  Hour)  WllK[il4;i)  VlilllCLli  CYCLIC  TLST 


engine:  LDT-465-1C  Fuel:  10°o  Water-F.mulsified  l)F  Lubricant:  REO-203,  Grade  30  j 

I 

Cylinder  1  FULL  INJECTOR  NOZZLE  HOLE  j 


OUTSIDE  SURFACE 


INSIDE  SURFACE 


DOIIHI.I.  (4J()  Ilnur)  U'lll.I.M.Ii  M.IIICIJ  CVCI  IC  TI.ST 
l.D'l  -  4()3- U!  I'uel:  lO^o  Water- liimi  1  s  i  i'i  ed  Dl  lubrieant;  (u'ade  aC 

Cylinder  2  riJIil.  IN.JhCTOR  NUZZIJ;  IIOI.H 


OUTSTDi;  SlJRFACIi 


IXSIDE  SURFACE 


DEEP  INSIDE  SURFACE 


i-x^ 

1 

■9^p  1 

1  ■*.. 

^^■f^HByE'  ^ 

r  ='4^6- 

